[001] SPECIFICATION 
MOTOR-CONTAINED ELECTRIC ACTUATOR 



[002] BACKGROUND OF THE INVENTION 

[003] The present invention relates to a motor-contained electric actuator for 

controlling the posture of the backrest of a chair in a motor vehicle. 
[004] An electric actuator generally comprises a DC motor body and a worm 



reduction mechanism such as a worm wheel. This type of actuator comprises 
various functional parts that increase the total number of parts. In order to 
decrease the parts volume of the whole actuator, a small motor is integrally 
connected to a reduction mechanism. In this case, load resistance by a driver 
generates load in a thrust direction requiring provision of a bearing structure to 
support it. 

[005] To make an electric actuator smaller, a worm is directly formed on a motor 

shaft of a small motor to constitute a motor body and a reduction mechanism. 
Load acts in a radial direction to the motor shaft on which the workpiece is 
formed depending on load resistance. Thus it is necessary to provide a radial 
bearing on each side of the worm teeth. 

[006] In an electric actuator in which the worm is integrally connected with a 

reduction mechanism, it is necessary not only to provide a thrust bearing on 
each end of the motor shaft but also to provide a thrust-radial bearing at an axial 
end portion of the worm to lead troublesome construction of the electric actuator. 

[007] For example, when thrust is supported by a ball bearing at an axial end 

portion near the worm of the motor shaft, radial force acts on that portion and it 
thus requires a radial bearing. 

[008] A known motor-contained electric actuator makes not only the structure 

of the axial end portion more complicated but also the bearing structure of the 
reduction mechanism thus causing motor body assembly to be more 
complicated as well. 
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[009] SUMMARY OF THE INVENTION 

[010] In view of the disadvantages, it is an object to provide a motor-contained 

electric actuator in which a small motor is integrally connected to a reduction 
mechanism to simplify the support structure of a motor shaft. 

[01 1] BRIEF DESCRIPTION OF THE DRAWINGS 

[01 2] The features and advantages of the invention will become more apparent 

from the following description with respect to embodiments as shown in the 

appended drawings wherein: 
[013] Fig. 1 is a front view in which main part is sectioned, of a motor-contained 

electric actuator according to the present invention; 
[014] Fig. 2 is a sectional side view taken along the line INI in Fig. 1; 

[015] Fig. 3 is a sectional plan view taken along the line Ill-Ill in Fig. 1; 

[016] Fig. 4 is sectional plan view taken along the line IV-IV in Fig. 1 ; 

[017] Fig. 5 is a partial sectional view of another embodiment of a thrust-radial 

ball bearing fixed to the bottom; 
[018] Fig. 6 is a bottom plan view of Fig. 5; and 

[019] Fig. 7 is a partially sectioned view of further embodiment of a thrust-radial 

ball bearing fixed to the bottom. 

[020] DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[021] Figs. 1 to 4 illustrate the first embodiment of the present invention. 

[022] Fig. 1 is a central vertical sectional front view taken along an axis of a 

motor shaft 3 of a small motor 2 of an electric actuator 1 . 

[023] Fig. 2 is a vertical sectional side view taken along the line ll-ll in Fig.1. 

The line ll-ll passes through an axis of a worm wheel 5 which meshes with a 
worm 4 formed on the upper portion of the motor shaft 3 and an axis of a larger- 
diameter output gear 9 driven by an intermediate reduction gear 8 on a shaft 7 
which is in spline engagement with a bore 6 of a worm wheel 5. 



[024] Fig. 3 is a sectional view taken along the line Ill-Ill in Fig. 1 and shows a 

horizontal section of the worm 4 and the worm wheel 5 which meshes with the 
worm 4. 

[025] Fig. 4 is a horizontal sectional view taken along the line IV-IV. 

[026] In a bottom-contained casing 10 which houses the small motor 2, there 

are provided a cylindrical permanent magnet 11; the motor shaft 3; a rotor 12 
which is fixed to the motor shaft 3 and has a coil 14 wound on an iron core 13 
in the permanent magnet 1 1 ; a commutator 16 fixed to the motor shaft 3 near an 
opening 15 of the casing 10; and a pair of brushes 17 in sliding contact with the 
commutator 16. 

[027] At the end of the opening 15 of the casing 10, an external flange 18 is 

provided and fixed to the lower surface 21 of a housing 20 by a screw 22. In the 
housing 20, the worm wheel 5 which constitutes a reduction mechanism 19; a 
shaft 7 having the intermediate gear 8 and the output gear 9 which meshes with 
the intermediate gear 8 are provided. 

[028] The motor shaft 3 extends through the opening 15. The outer 

circumferential surface 3a of the motor shaft 3 is engaged with teeth of the worm 
wheel 5, and the upper portion 3b is inserted in a bore 23 of the housing 20. 
The teeth of the worm wheel 5 meshes with the worm 4 of the motor shaft 3, the 
upper portion of which extends from the upper end 4a of the worm 4. The upper 
portion 3b is radially borne by an annular metal bearing 24 on the bore 23 in the 
housing 20. 

[029] The bore 23 comprises a larger-diameter bore 23a having a metal bearing 

24; a larger-diameter bore 23b; and a larger-diameter bore 23c from a portion 
beneath the lower end of the worm 4 to the lower surface 21 of the housing 20. 

[030] An annular metal bearing 26 is provided above a stepped portion 25 

between the larger-diameter bore 23b and the larger-diameter bore 23c. 



[031] The external diameter ofthe metal bearing 26 is smallerthantlie diameter 

of the lower larger-diameter bore 23c, larger than the upper larger-diameter bore 
23b, and larger than the external diameter ofthe metal bearing 24. 

[032] The metal bearing 24 Is engaged on the upper portion 3b slightly smaller 

in diameter than the lower portion ofthe motor shaft 3. The metal bearing 24 is 
smaller in diameter than the larger-diameter bore 23b. Under the larger- 
diameter bore 23b of the bore 23, the metal bearing 26 is engaged In a bore 
23d. The middle portion ofthe motor shaft 3 Is radially born by the metal bearing 
26. 

[033] The upper metal bearing 24 and the intermediate metal bearing 26 are 

equidistantly positioned axially of the motor shaft 3 from a portion in which the 
womn 4 is engaged with the womn wheel 5. 

[034] The metal bearing 24 is thinner than the metal bearing 26. 

[035] The metal bearing 24 Is smaller in diameter than the metal bearing 26, so 

that it can be easily inserted through the bore 23. 

[036] In the motor shaft 3, a lower portion 3c opposite the upper portion 3b Is 

fixed to the bottom 27 of the casing 10 and is rotatably mounted by a thrust- 
radial ball bearing 32. 

[037] On the middle of the bottom 27 of the casing 10, a bottom plate 28 is 

projected inward to form an expanded bore 29. 

[03^ On the bottom 30 of the expanded bore 29, there is formed a through- 

bore 31 for the motor shaft 3 slightly smaller in diameter than the expanded bore 
29 and slightly larger in diameter than the motor shaft 3. 

[039] In the expanded bore 29, the thrust-radial ball bearing 32 is coaxial with 

the motor shaft 3, and the outer circumferential surface of an outer race 33 is 
engaged in the expanded bore 29. 

[040] A plurality of caulking-preventions 28a are fomned by cutting the bottom 

plate 28. After the thrust-radial ball bearing 32 is put In the expanded bore 29, 



the caulking-preventions 28a are bent inward under the outer race 33 thereby 
preventing the outer race 33 from getting out, 

[041] A smailer*diameter portion 36 at the tower end of the motor shaft 3 is 

inserted in a bore 35 of an inner race 34. On a male thread 37 at the lower end 
of the smaller-diamter portion 36, a lock nut 38 having a female thread is 
engaged upward. Thus, the inner race 34 and the motor shaft 3 are respectively 
fixed not to move axially at the lower end of the casing 10. 

[042] The thrust-radial ball bearing 32 is mounted so that the outer race 32 and 

the inner race 34 is rotatable as not to move in an axial or thrust direction. Thus, 
the motor shaft 3 is rotatable at the lower end of the casing 10 and prevented 
from moving axially. 

[043] The expanded bore 39 in which the thrust-radial ball bearing 32 is fitted 

is covered by a cap 39, which is fixed by engaging an engagement member 41 
of the cap 39 in a bore 40 formed by cutting the caulking-prevention 28. 

[044] The worm wheel 5 rotated by the worm of the motor shaft 3 allows the 

output gear 9 to rotate with reduction of speed via the intermediate gear 8 of the 
shaft 7 which is in spline engagement with the axial bore 6 of the worm wheel 5. 

[045] A groove 45 around an axial bore 44 and a projection 46 of the output 

gear 9 are engaged with an inward projection 42 of a front plate 20a and a 
groove 43 of a rear plate 20b of the housing 20, so that the output gear 9 is 
rotatably mounted to the housing 20. The axial bore 44 of the output gear 9 is 
not circular so that a connecting member connected to a driven mechanism may 
not be rotatably connected. 

[046] After the gears are mounted to the housing 20, the front and rear plates 

20a and 20b are fixed by a screw 47. 

[047] On the motor shaft 3, a rotary disc 48 is fixed on the motor shaft 3 to 

rotate together with the motor shaft 3. 

[048] As shown in Fig. 4, at the side of the rotary disc 48, the housing 20 has 

an electronic circuit substrate 50 having a rotation detector 49 for electrically 



detecting rotation of the rotary disc 48. An electronic circuit 50a on the electronic 
circuit substrate 50 calculates a direction and an angle of rotation of the rotary 
disc 48 and the motor shaft 3 detected by the rotation detector 49 to convert the 
detected value to a digital signal. 
[049] The rotation detector 49 may output the angle and direction of rotation 

without conversion. 

[050] In the rotary disc 48 and the rotation detector 49 which constitutes a 

magnetic non-contact rotation detecting sensor, magnetized material is provided 
to direct a magnetic pole in a rotational direction on the outer circumferential 
surface of the rotary disc 48, and the rotation detector 48 comprises a hall 
element which is provided near the outer circumferential surface of the rotary 
disc 48. 

[051] In the rotary disc 48 and the rotation detector 48 which constitutes an 

optical non-contact rotation detecting sensor, a slit through which light passes 
or a black-and-white pattern which reflects or absorbs light is provided on the 
outer circumferential surface of the rotary disc 48, and the rotation detector 49 
which comprises a photo-coupler Is disposed near the outer circumferential 
surface of the rotary disc 48. 

[052] Furthermore, the electronic circuit 50a has a non-volatile memory for 

memorizing the digital signal thereby measuring the angle of rotation as absolute 
value from the start of the measurement. 

[053] Similarly, the electronic circuit 50a has a memory which stores memorized 

data by battery thereby measuring the angle of rotation as absolute value from 
staring of the measurement. 

[054] Figs. 5 and 6 illustrate another embodiment in which an outer race 33 of 

a thrust ball bearing 32 is fixed to the bottom 27 of a casing 1 0 for a small motor 
2. 

[055] A female thread 51 is formed on the inner circumferential surface of a 

bore 29 at the bottom 27. A cover 52 having a male thread 53 on the outer 



circumferential surface meshes with the female thread 51 . An outer race 33 is 
held between the top 30 of the bore 29 and the cover 52, and a thrust-radial ball 
bearing 32 is inserted in the bore 29 to prevent it from becoming removed. 

[056] Fig. 6 is a bottom view of Fig. 5, and the cover 52 has a plurality of bores 

54 In which a driver for inserting the cover 52 is engaged. 

[057] Fig. 7 illustrates further embodiment for fixing an outer race 33 of a thrust- 

radial ball bearing 32 to the bottom 27 of a casing 10 for a small motor and for 
fixing an inner race 34 of a thrust-radial ball bearing 32 to a motor shaft 3. 

[058] In this embodiment, after the thrust-radial ball bearing 32 is engaged in 

a bore 29 of the bottom 27, laser beams 56,56 are radiated onto the inner 
surface of the bore 29 and the outer circumferential surface 4 of a smaller- 
diameter portion 36 at the lower end of the motor shaft 3 from a laser welding 
machine 55,55, and at the same time, either of the laser welding machines 55,55 
and the casing 10 is rotated around an axis of the motor shaft 3 to form welded 
or padded portions 57,57 on the inner surface of the bore 29 and the outer 
circumferential surface of the smaller-diameter portion 36 thereby fixing the outer 
race 33 onto the inner surface of the bore 29 and the inner race 34 onto the 
outer circumferential surface of the smaller-diameter portion 36 of the inner race 
34 and preventing them from falling out. 

[059] Therefore, the female screw 38 avoids falling out thus achieving speedier 

operation and likewise reducing the number of parts. 

[060] The welded portion 57 may be formed on the inner surface of the bore 29 

or the outer circumferential surface of the smaller-diameter portion 36, and it 
may be omitted in the other, or fixed by another fixing means. 

[061] The foregoing merely relates to embodiments of the present invention. 

Various changes and modifications may be made by a person skilled in the art 
without departing from the scope of claims wherein: 



